Abstract Aims/hypothesis: Pregnancy, a state of insulin resistance, is associated with elevated levels of cytokines and profound alterations in metabolism. Serum adiponectin, an adipokine with anti-inflammatory and insulinsensitising properties, has been shown to be lower in patients with gestational diabetes mellitus, a state of greater insulin resistance than normal pregnancies. Hypothesising that the human placenta is a source of adiponectin, we investigated its expression and secretion, and the regulation by cytokines of adiponectin and its receptors. Methods: Real-time RT-PCR, radioimmunoassay, Western blotting, radioligand binding and immunofluorescent analyses were applied to demonstrate the expression, secretion and functionality of placental adiponectin. Results: Adiponectin gene expression and protein were found in the human term placenta, with expression primarily in the syncytiotrophoblast. RIA of conditioned media from explant experiments revealed that the placenta can secrete adiponectin in vitro. Addition of conditioned media to HEK-293 cells transfected with the gene for adiponectin receptor-1 (ADIPOR1) altered the phosphorylation status of extracellular signal-regulated kinase 1/2 and p38 mitogen-activated protein kinase, an effect abolished after preabsorption with adiponectin antibody. Cytokines, including TNF-α, IFN-γ, IL-6 and leptin, differentially modulated placental adiponectin receptors as well as adiponectin gene expression and secretion. Interestingly, in placentae from women with gestational diabetes mellitus, we observed significant downregulation of adiponectin mRNA, significant upregulation of ADIPOR1 expression, and a non-significant increase in ADIPOR2 expression.
Introduction
Pregnancy, a state of insulin resistance, is associated with elevated levels of cytokines [1] and profound alterations in metabolism, directed towards supplying adequate nutrition for the fetus.
Adiponectin is an adipocytokine that has been shown to have anti-atherogenic, anti-inflammatory and antidiabetic roles [2] . Adiponectin is a 30-kDa protein, composed of an N-terminal collagen-like sequence and a C-terminal globular region, termed 'full-length adiponectin'. Proteolytic cleavage of the globular domain yields a product, termed 'globular adiponectin' [2, 3] , which circulates abundantly in human plasma [4] . Serum adiponectin levels are lower in insulin-resistant states [5] , in contrast to the raised levels of other cytokines, e.g. interleukin-6 (IL-6), TNF-α and leptin [6] . Adiponectin orchestrates its effects by activating two seven-transmembrane domain receptors: adiponectin receptor type 1 (ADIPOR1) and adiponectin receptor 2 (ADIPOR2) [7] .
Gestational diabetes mellitus (GDM), a state of increased insulin resistance, can lead to complications during pregnancy and may also increase the risk of stillbirth [8] .
Recently it has been shown that elevated leptin levels were positively associated with the risk of GDM, whereas adiponectin plasma levels are reduced in women with GDM [9, 10] . Cytokines such as TNF-α and IL-6, through their ability to interfere with insulin signalling, have been implicated in insulin resistance in type 2 diabetes [11] .
In humans, a significant negative correlation between adipose tissue mRNA/plasma adiponectin levels and TNF-α has been described [12] , suggesting crosstalk between adiponectin and proinflammatory cytokines [13] . Furthermore, umbilical vein serum adiponectin levels were three-fold higher than maternal serum adiponectin levels in normal pregnancy [14] . When adiponectin levels were measured in cord vein, a striking increase in plasma adiponectin concentrations with gestational age was noted [15] ; concentrations at term were more than 20-fold higher compared with 24 weeks of gestation [15] .
In view of these findings, we hypothesised that the human placenta might be a source of adiponectin. Therefore, we investigated both the expression and the secretion of adiponectin by the placenta, and determined whether any differences exist in the expression of adiponectin and its receptors between normal and GDM placentae. Given the reciprocal association of adiponectin with proinflammatory cytokines and the observation that these proinflammatory cytokines are raised in pregnancy, we studied the influence of cytokines on adiponectin gene expression and secretion as well as their impact on adiponectin receptor mRNA levels.
Subjects, materials and methods

Subjects and placental explant tissue culture
Placental biopsies (ten normal subjects and eight with GDM [three insulin-treated, five diet-controlled]) were obtained from women undergoing elective Caesarean sections for breech presentation, maternal request or previous Caesarean section. The demographic characteristics of the patients for this study are shown in Table 1 . Informed consent was obtained from each woman and local ethical approval for the study was granted by Coventry Ethics Committee. Immediately after delivery, placental samples were snap-frozen in liquid nitrogen. Placental explant cultures, devoid of blood vessels and clots, were set up as previously described [16] . After the completion of treatments, both conditioned media and explant tissue were snap-frozen into liquid nitrogen.
RNA isolation, cDNA synthesis and RT-PCR Total ribonucleic acid was extracted by using Ultraspec (Biotecx Laboratories, Houston, TX, USA) and reversetranscribed into cDNA as previously described [17] . For all different primer sets, 33 cycles were performed consisting of an initial denaturing step at 94°C for 30 s, followed by extension at 60°C for 1 min and elongation at 72°C for 1 min. Table 2 describes the primers that were used for this study.
Real-time RT-PCR
Quantitative PCR was performed on a Roche Light Cycler system (Roche Molecular Biochemicals, Mannheim, Germany). PCR reactions were performed as previously described [17] . The conditions consisted of denaturation of 95°C for 15 s, followed by 40 cycles of 94°C for 1 s, 60°C for 7 s and 72°C for 12 s, followed by melting curve analysis. For analysis, quantitative amounts of adiponectin and adiponectin receptors were standardised against the housekeeping gene β-actin (Table 2) . As a negative control for all the reactions, preparations lacking RNA or reverse transcriptase were used in place of the cDNA. RNAs were assayed from two or three independent biological replicates. The RNA levels were expressed as a ratio, using the delta-delta method for comparing relative expression results between treatments in real-time PCR [18] .
Immunofluorescence
Paraffin-embedded sections of human placentae were dewaxed and dehydrated as before [19] . The primary goat polyclonal adiponectin antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) was used at 1:100 dilution. All dilutions were made in 1% BSA in PBS. Specimens were incubated with primary antibody for 60 min, and were then washed three times with PBS for 5 min each before incubation with anti-rabbit IgG-fluorescein isothiocyanateconjugated secondary antibody (Santa Cruz Biotechnology) for 50 min. Similarly, human embryonic kidney 293 (HEK-293)/ADIPOR1 cells were fixed and incubated with 10% BSA for 1 h before incubation with adipoR1 antibody (Alpha Diagnostic International, San Antonio, TX, USA). Secondary antibody incubations and visualisation followed, as described [19] .
HEK-293 cell transfection
Human embryonic kidney 293 cells were transiently transfected with the full-length ADIPOR1 gene (HEK-293/ADIPOR1) inserted into the expression vector pcDNA 3.1 (Invitrogen, Paisley, UK) as previously described [20] .
Western immunoblotting HEK-293/ADIPOR1 cells were cultured overnight in serum-free medium, followed by treatment with adiponectin (100 nmol/l; Phoenix Peptides, Belmont, CA, USA), conditioned medium with adiponectin immunoprecipitated out of solution, and plain medium. Cells were then lysed, and proteins were separated on a SDS-12.5% polyacrylamide gel, using methods previously described [17] . For studies on mitogen-activated protein kinases (MAPKs), HEK-293/ADIPOR1 cells were incubated with adiponectin (100 nmol/l) for 10 min, and cell lysates were assayed for p38 and extracellular signal-regulated kinase (ERK) 1/2 phosphorylation. The primary antisera for the phosphor/ total p38 and phosphor/total ERK1/2 (Cell Signaling Technology, Beverly, MA, USA) and adiponectin (Santa Cruz Biotechnology) were used at 1:1,000 dilution in PBS-0.1% Tween overnight at 4°C.
Radioligand binding assay
For competitive displacement studies, HEK-293/ADI-POR1 cell membranes (n=10; 100 μg protein) were incubated with 1 nmol/l of 125 I-adiponectin (Linco Research, St. Charles, MI, USA) in the presence or absence of unlabelled peptide (0.1-1,000 nmol/l). Nonspecific binding was measured in the presence of 1 μmol/l of unlabelled adiponectin [20] .
Adiponectin RIA After an overnight fast, venesection took place at 09.00-10.00 h, and samples (n=10) were then centrifuged at 4°C. Serum was stored at −70°C for further analysis. Serum adiponectin concentration was determined by radioimmunoassay (Linco Research) using serum samples diluted 1:600 in assay buffer. The concentration of adiponectin in tissue culture media from placental explants was determined using 100 μl of undiluted medium for each duplicate. The lowest level of human adiponectin detected in this assay was 1 ng/ml. The intra-assay variation was <6%.
Statistical analysis
Data are shown as the mean ± SEM of each measurement. ANOVA was performed to analyse measurements of the intensity of immunoreactive staining using a scanning densitometer (Scion Image; Scion, Frederick, MD, USA). Student's t-test was employed to calculate the significance of differences in the means between the different groups. A p value <0.05 was considered to be significant.
Results
Expression of adiponectin in human placenta
Using RT-PCR analysis, we detected adiponectin mRNA in human term placenta, using adipose tissue as a positive control (Fig. 1a) . Subsequent sequencing of the PCR products confirmed the gene identity. Using real-time RT- 
PCR, we showed that adiponectin mRNA was expressed at a significantly higher (p<0.01) level in s.c. adipose tissue compared with normal placenta from the same patients (Fig. 1b) . Using Western blotting analysis, we also showed that these changes were also reflected at the protein level (Fig. 1b, insert) . Immunofluorescence analysis of human term placentae revealed that immunoreactive adiponectin staining was localised almost exclusively in the syncytiotrophoblast. We found no apparent expression in the cytotrophoblast and little staining was evident within the placental blood vessels (Fig. 1c, I ). Adipose tissue was also used as a positive control (Fig. 1c, II) . Negative serum controls confirmed the specificity of the positive immunoreactive staining (Fig. 1c, III, IV) . Identical results were obtained from four independent experiments.
Secretion of placental adiponectin
Western blot analysis of conditioned media from placental explants (4 h) demonstrated the presence of adiponectin protein, with a molecular weight (around 33 kDa) identical to that found for placental (100 μg) and adipose tissue lysates (10 μg); there was no apparent protein expression of adiponectin detected in culture medium alone, whereas adiponectin was detectable in conditioned medium (Fig. 1d) . Furthermore, RIA confirmed secretion of adiponectin in vitro from conditioned medium (n=10; 100±20 ng/ml), whereas in culture medium alone there was no detectable adiponectin present. Diluted serum from the same control subjects (n=10) was used as a positive control (Fig. 1e) . 33 kDa Fig. 1 a RT-PCR analysis revealed expression of adiponectin in human placentae (125 bp). Adipose tissue was used as a positive control. b Adiponectin mRNA was significantly more abundant in subcutaneous (SC) adipose tissue than in normal placenta (Plc). **p<0.01. Adiponectin protein levels (insert) were also greater in subcutaneous adipose tissue than in normal placenta. c Immunofluorescence analysis using a specific antibody demonstrated localisation of adiponectin primarily in syncytiotrophoblasts (small arrows, I) and some scattered expression around blood vessels. Adipose tissue was used as a positive control (II). Negative serum controls confirmed the specificity of the positive immunoreactive staining (III, IV). Identical results were obtained from four independent experiments. Original magnification, ×400. d Western blotting using the same antibody confirmed the detection of adiponectin in human placental (Plc) lysates (100 μg) and in conditioned (Cond.) but not culture (Cult.) medium. It appeared as a single band with apparent molecular weight 33 kDa. Adipose tissue (10 μg) was also used as a positive control. e Data analysis from RIA studies confirmed secretion of adiponectin from placental explants (n=10) in vitro (conditioned medium, 100±20 ng/ml), whereas in culture medium alone adiponectin was not detected. Serum (n=10) was used as a positive control
Expression of adiponectin and its receptors in GDM Using real-time PCR and values standardised against β-actin, we showed that in GDM placentae (n=8) there was significant downregulation of placental adiponectin mRNA levels compared with normal (n=10), as can be seen from the delay in the amplification of the gene (Fig. 2a) . Statistical analysis of these data revealed that this downregulation was significant (***p<0.001) (Fig. 2b) . We also used real-time RT-PCR to assess the expression of ADIPOR1 and ADIPOR2 in GDM placenta. We showed that there was a significant increase in ADIPOR1 mRNA (**p<0.01; Fig. 2c ) in GDM placenta (90% increase compared with normal), whereas no significant upregulation in the expression of ADIPOR2 was detected between the two groups (Fig. 2d) . Fig. 2 a There was significant downregulation of adiponectin mRNA in GDM placenta (n=8) compared with controls (n=10), as can be seen from the delay in amplification (intercept cycle). b Summarised data showing changes in GDM vs controls for the adiponectin gene. ***p<0.001. c A significant increase (**p<0.01) was detected in ADIPOR1 mRNA in GDM placenta (n=8) compared with controls (n=10). d The difference in ADIPOR2 mRNA in GDM placenta (n=8) compared with controls (n=10) was not significant (p>0.05). e Immunofluorescence analysis using a specific antibody Modulation of p38 and ERK1/2 MAP kinases by placental adiponectin Following the detection of placental adiponectin, we used full-length adiponectin not to assess the biofunction of adiponectin receptors but to see whether the secreted placental adiponectin had affinity for the ADIPOR1 receptors. We did this by measuring its effect on the phosphorylation of MAPKs in HEK-293/ADIPOR1 cells. For this study, full-length adiponectin was used as a control.
Prior to this, we demonstrated the presence of functional ADIPOR1 in HEK-293 cells by using immunofluorescence and displacement studies. Immunofluorescent analysis, using a specific ADIPOR1 antibody, demonstrated expression of the receptor on the cell surface of HEK-293/ ADIPOR1 cells, in accordance with its proposed localisation as a seven-transmembrane domain receptor (Fig. 2e, I ). Preabsorption with blocking peptide for ADIPOR1 confirmed the specificity of the positive immunoreactive staining (Fig. 2e, II) . Identical results were obtained from four independent experiments. The presence of functional ADIPOR1 receptors in HEK-293 cells was further confirmed by binding displacement studies. Human 'cold' adiponectin was able to displace its respective radiolabelled ligand from its binding sites in a concentrationdependent manner in HEK-293/ADIPOR1 cells (Fig. 2f) .
Treatment of HEK-293/ADIPOR1 cells (n=10) with adiponectin induced significant (p<0.01) downregulation of phosphorylation of both p38 and ERK1/2 (Fig. 3a,b) . This effect appeared to be dose-dependent (data not shown), with maximal effect at 100 nmol/l. Furthermore, this effect was maximal after 10 min of treatment and returned to basal levels after 45 min of treatment (data not shown). Despite decreased levels of both phospho-p38 and phospho-ERK1/2, the total amounts of both MAPKs were unchanged (Fig. 3a,b) . Interestingly, conditioned medium exerted a very similar effect on p38 and ERK1/2 phosphorylation. However, when adiponectin was immunoprecipitated out of the conditioned medium, the adiponectin-free medium failed to alter the phosphorylation status of both MAPKs, indicating that the peptide exerting this specific effect was indeed placentally secreted adiponectin (Fig. 3a,b) .
Modulation of placental adiponectin by cytokines
Placental explants from uncomplicated pregnancies (n=10) were treated with TNF-α, IFN-γ, TNF-α + IFN-γ, IL-6 or leptin at a concentration of 100 nmol/l for 4 and 24 h (Fig. 4) .
Treatment of placental explants ( Fig. 4a ) with TNF-α or IFN-γ for 4 h did not exert any significant effect at the mRNA level, whereas at 24 h TNF-α reduced and IFN-γ induced adiponectin mRNA (p<0.05). Interestingly, a combination of TNF-α and IFN-γ led to greater downregulation of adiponectin mRNA levels at both 4 h (40% below basal; p<0.05) and 24 h (95% below basal; p<0.01). IL-6, at both time points, significantly reduced adiponectin mRNA levels (4 h, 72%, p<0.05; 24 h, 85%, p<0.01) compared with basal. Of interest, however, treatment with leptin for 4 h induced adiponectin mRNA (70% above basal, p<0.05), whereas at 24 h adiponectin mRNA levels were dramatically reduced (90% below basal, p<0.01).
Further to the mRNA changes, these cytokines also altered the secretion of placental adiponectin into culture medium (Fig. 4b) . After 4 h of incubation, all cytokines reduced the secretion of placental adiponectin (p<0.01). After 24 h of incubation, the pattern of adiponectin secretion mirrored that seen at the mRNA level, with the exception that leptin did not exert any significant effect, while IL-6 increased adiponectin (80% above basal; p<0.05).
Modulation of placental adiponectin receptors by cytokines
We used the same mRNA from normal placental explants (n=10), treated with various cytokines, to assess their effects on both ADIPOR1 and ADIPOR2 mRNA (Fig. 5) .
Treatment of placental explants with TNF-α or IFN-γ or a combination of both significantly induced ADIPOR1 mRNA at both 4 and 24 h (Fig. 5a ). Interestingly, a combination of TNF-α and IFN-γ at 4 h led to greater upregulation of ADIPOR1 mRNA levels at 4 h compared with 24 h. Similarly, IL-6 and leptin, at both time points, significantly reduced ADIPOR1 mRNA levels (4 h, p<0.01; 24 h, p<0.05) compared with the basal condition (Fig. 5a) .
Interestingly, treatment of placental explants with TNF-α or IFN-γ or a combination of both did not have any apparent effect on adipoR2 at 4 h of treatment, whereas at 24 h changes in ADIPOR2 mRNA mirrored those of adiponectin (Fig. 5b) . TNF-α significantly (p<0.05) downregulated ADIPOR2 mRNA and IFN-γ significantly (p<0.01) upregulated ADIPOR2, whereas a combination of both reduced ADIPOR2 mRNA levels (p<0.05). Moreover, both leptin and IL-6 significantly induced (p<0.05) ADIPOR2 mRNA at 4 h, whereas at 24 h leptin decreased ADIPOR2 mRNA and IL-6 had no effect on its gene expression (Fig. 5b) .
Discussion
In the present study, we demonstrate the production of adiponectin in the human placenta, and the presence of both types of adiponectin receptor. Furthermore, we provide novel data showing that the human placenta is able to secrete adiponectin (in an explant system) in an in vitro model. Expression of adiponectin was confined to the syncytiotrophoblast, a site where numerous placental hormones are produced, e.g. chorionic gonadotrophin [21], placental lactogen [21] , corticotropin releasing factor [22] and urocortin [23] . Syncytiotrophoblast also expresses leptin [24] and resistin [25] , two other adipokines, suggesting an important endocrine and metabolic role of the placenta. Proinflammatory cytokines, which are raised in pregnancy and contribute to the insulin-resistant state in pregnancy, differentially modulated placental adiponectin receptors as well as adiponectin expression and secretion. Recently, it has been shown that plasma adiponectin levels are reduced in pregnancy-induced insulin resistance [9, 10] ; in addition, plasma adiponectin correlates negatively with TNF-α and leptin [9] . Based on our data and the knowledge that cytokines are elevated during pregnancy [1] , it is attractive to speculate that, during pregnancyinduced insulin resistance, cytokines exert a regulatory role in the secretion of placental adiponectin. Interestingly, we noted significantly lower adiponectin gene expression in GDM placenta, which may potentially contribute to the relatively lower plasma adiponectin levels seen in GDM subjects [10] , known to have raised cytokines.
In accordance with a previous study in which cytokines were shown to influence the expression and secretion of adiponectin [26] , we report similar effects on placental adiponectin. Interestingly, in isolation TNF-α reduced and IFN-γ induced adiponectin, but in combination they downregulated both mRNA expression and secretion of adiponectin by the greatest magnitude, when compared with the effects of TNF-α and IFN-γ alone. The molecular mechanism(s) for these effects is not entirely clear. What is evident from other biological systems, including human monocytes [27] , rat brain [28] and murine macrophages [29] , for example, is that IFN-γ influences the effect of TNF-α, in some cases being synergistic. Conversely, similar treatment of C 2 C 12 myotubes with a combination of TNF-α and IFN-γ induced adiponectin mRNA expression over 24 h [26] , suggesting that the adiponectin gene can or may be modulated in a tissue-specific fashion. Moreover, we found that treatment of placental explants with IL-6 resulted in a dramatic decrease in mRNA but a significant increase in adiponectin secretion at 24 h. The precise reason why there is this disparity between mRNA and secreted levels is not known but may represent either a form of negative feedback or differences in turnover. Additionally, leptin induced adiponectin at the mRNA level at 4 h and decreased it at 24 h, but significantly reduced secretion in vitro only at 4 h. The reason IL-6 and leptin exert these differential effects on mRNA and adiponectin secretion, an observation noted with each placenta, may be the fact that leptin induces IL-6 release in term trophoblast cells [30] , which in turn can exert an inhibitory effect, influencing adiponectin secretion.
We also provide novel data on the presence of both types of adiponectin receptor in the human placenta and the influence of cytokines on their mRNA expression. Placental explants treated with TNF-α or IFN-γ or a combination of TNF-α with IFN-γ significantly induced ADIPOR1 mRNA at both 4 and 24 h, the two cytokines having a synergistic effect at 4 h, whereas IL-6 and leptin downregulated ADIPOR1 mRNA. Moreover, changes in ADIPOR2 mRNA mirrored those in adiponectin at 24 h: TNF-α significantly down regulated ADIPOR2 mRNA and IFN-γ significantly induced ADIPOR2, whereas a combination of TNF-α with IFN-γ reduced ADIPOR2 gene expression.
It appears therefore that metabolic changes can influence adiponectin receptor expression in the human placenta, and that the GDM placenta has a significantly raised ADIPOR1 level. Some of these changes may be explained by adiponectin's paracrine effects on these receptors. However, we feel that cytokines may also influence the adiponectin receptors directly, as there are differences in ADIPOR1 and ADIPOR2 mRNA expression at 24 h that cannot be explained simply by fluctuations in placental adiponectin. Collectively, our data open up the interesting concept that these receptors may have different functions in the placenta.
During the preparation of this paper, Caminos et al. demonstrated the presence of adiponectin mRNA and only ADIPOR2 in the human and rat placenta [31] . However, our study is the first to show: (1) both expression and secretion of adiponectin from the human placenta; (2) the presence of both types of adiponectin receptor, providing insight into the modulation of both adiponectin receptors and adiponectin expression/secretion by cytokines; and (3) lower levels of adiponectin mRNA and higher levels of ADIPOR1 in GDM placentae. We also provide evidence that the secreted placental adiponectin is functional.
In the present study, immunoreactive placental adiponectin, present in the conditioned medium, altered the phosphorylation status of p38 and ERK1/2 MAPK in HEK-293 cells transfected with ADIPOR1, confirming the presence of bioactive adiponectin. Our data demonstrate for first time that placental adiponectin can suppress MAPK phosphorylation (ERK1/2 and p38) in a wellcontrolled environment. These MAPKs control many cellular events, from complex programmes such, as cell differentiation, proliferation and death, to the short-term changes required for homeostasis and acute hormonal responses. In the human placenta, the ERK1/2 and p38 pathways are essential for the initiation of trophoblast differentiation [32] , implantation and placentation [33, 34] . It is attractive, therefore, to speculate that placental adiponectin acting in an autocrine/paracrine manner might influence placental development by altering the phosphorylation status of MAPKs. Further work is needed to investigate these MAPKs in placental explant systems.
A limitation of our study is that the results of our explant studies cannot be extrapolated directly to the whole fetoplacental unit. However, the study does raise interesting questions on the potential mechanisms occurring in the placental microenvironment. On the other hand, the strengths of our study are that our the identification of adiponectin in the syncytiotrophoblast is undeniable, and that secretion (albeit in vitro) is significant and regulated by cytokines, the latter being implicated in the insulinresistant state during pregnancy. Future studies should make use of placental cell lines that might express adiponectin and adiponectin receptors endogenously to dissect further their signalling properties, including the dichotomy between the secretion and expression of adiponectin with IL-6 and leptin. With regard to GDM placentae compared with controls, future studies are needed to investigate not only the secretion of placental adiponectin and its regulation by cytokines in an explant system, but also any differences in p38 and ERK1/2MAPK that may exist, given the higher miscarriage rates in diabetic pregnancies [35, 36] . Moreover, it will be interesting to investigate further what effect these cytokines have on adiponectin and its receptors in placentae, not only in GDM but also in those with type-1 diabetes mellitus, whose offspring are known to be at increased risk of developing obesity, impaired glucose tolerance and type 2 diabetes mellitus.
In conclusion, we provide novel evidence that the human placenta secretes adiponectin. Our novel data also suggest that adiponectin and its receptors are modulated by cytokines. Moreover, in GDM placentae the expression of adiponectin is lower, whereas adiponectin receptors are upregulated. It therefore appears that placental adiponectin, acting in an autocrine/paracrine fashion, might play an important role at the maternal-fetal interface and contribute to glucose metabolism during pregnancy.
